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ABSTRACT
This study aimed to determine the effects of the growth medium, water levels and incubation
period on Spirogyra hyalina and Spirogyra peipingensis biomass. Completely randomized design
(CRD) was used by varying the nutritional composition, water levels and incubation period.
Culture was performed using a 12 h:12 h light:dark cycle using a TL 36 W ﬂuorescent lamp with
3000 lux light intensity. The results show that the growth of the alga Spirogyra hyalina was
faster than that of Spirogyra peipingensis. The highest yield obtained for Spirogyra hyalina was
on day 10, whereas the highest yield obtained for Spirogyra peipingensis was on day 15. Both
algae, i.e. Spirogyra peipingensis and Spirogyra hyalina, grew best in 20 cm of water level using
Sulfahri-01 medium containing a high level of nitrogen.
KEYWORDS
Spirogyra; growth medium;
water levels; incubation
period; biomass
Introduction
Spirogyra is a ﬁlamentous alga usually found in fresh
water. Spirogyra contains nucleated chloroplasts
arranged in a spiral-shaped ribbon [1]. Vegetative pro-
liferation occurs through fragmentation, whereas gen-
erative proliferation occurs through conjugation [2–5].
Spirogyra can be used as a raw material for the produc-
tion of bioethanol [6,7], biogas [8,9] and biosorbents
[10,11], and can be used as a bioremediation agent for
heavy metals [12,13] and dye [14,15] and as an ingredi-
ent in livestock feed [16].
Spirogyra is a potential alga for use in developing bio-
mass [17–19]. The growth medium used is a major factor
that affects the growth of Spirogyra [20]. Nitrogen is an
important element in the growth medium for Spirogyra
[21]. The absence of nitrogen in the medium leads to the
conjugation of Spirogyra, indicating that the algae are
under stress conditions [22,23]. Phosphate and potassium
are also important for the growth of Spirogyra [24]. Spiro-
gyra requires nitrogen, phosphate and potassium in
appropriate amounts to support its growth [25].
The contents of the growth medium used for Spiro-
gyra depends on the species of Spirogyra. Different
species likely have different growth rates and
responses. Spirogyra is common in East Java, Indone-
sia, particularly species such as Spirogyra hyalina and
Spirogyra peipingensis. Spirogyra hyalina and Spirogyra
peipingensis are common in rice ﬁelds, which are abun-
dantly found in Indonesia. However, the algae Spiro-
gyra hyalina and Spirogyra peipingensis have speciﬁc
differences. Spirogyra hyalina is composed of broad
vegetative cells, 51–62 mm wide and 93–121 mm long
with plane end-walls, containing three chloroplasts
and one-half to three turns in the cell. Spirogyra peipin-
gensis is characterized by broad vegetative cells, 104–
157 mm wide and 156–200 mm long with plane end-
walls, containing one chloroplast and ﬁve to seven
turns in the cell [5]. These differences have been sug-
gested to affect requirements of the growth medium.
Therefore, this study aimed to determine effects of the
growth medium, water level and incubation period on
Spirogyra hyalina and Spirogyra peipingensis biomass.
Materials and methods
Plant material and starter preparation
Spirogyra hyalina and Spirogyra peipingensis were
obtained from rice ﬁelds located in Malang, East Java,
Indonesia (GPS location: -8.012935 and 112.612991).
The collection of algae was performed in the dry sea-
son, from August to October 2015. Spirogyra were
observed and identiﬁed under a microscope, then ster-
ilized using sodium hypochlorite (1.25%) for 10 sec-
onds. Spirogyra were cultured in a growth medium
without nitrogen to stimulate conjugation [22,23]. After
incubation for one week, conjugation occurred due to
a deﬁciency of nitrogen. Spirogyra that had undergone
conjugation were then supplemented with nitrogen
(KNO3) in the growth medium. Spirogyra treated with
nitrogen were then incubated for another two weeks.
Spirogyra grew and achieved maximum growth in two
weeks; this culture was used as a starter.
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Laboratory culture
Cultured Spirogyra hyalina and Spirogyra peipingensis
were transferred to the different growth media (Sul-
fahri-01, Sulfahri-02 and Sulfahri-03) containing nitro-
gen, phosphate and potassium in various amounts. A
total of 3 g of starter algae was placed in a glass aquar-
ium containing 3 liters of growth medium. Culture was
performed using a 12 h:12 h light:dark cycle with a TL
36 W ﬂuorescent lamp with 3000 lux of light intensity
[26]. The incubation time points were 0, 5, 10, 15 and
20 days. Incubation was performed at room tempera-
ture, approximately 30C [27]. The different water lev-
els used in this experiment were 10, 20 and 30 cm in a
glass aquarium with a volume of 3 L.
Growth culture
Three growth media were tested: Sulfahri-01 (KNO3
40 mg/L, P2O5 30 mg/L, K2O 30 mg/L, MgSO4 2 mg/L,
Ca(NO3)2.4H2O 2 mg/L and micronutrients), Sulfahri-
02 (KNO3 30 mg/L, P2O5 30 mg/L, K2O 30 mg/L, MgSO4
2 mg/L, Ca(NO3)2.4H2O 2 mg/L and micronutrients)
and Sulfahri-03 (KNO3 30 mg/L, P2O5 40 mg/L, K2O
30 mg/L, MgSO4 2 mg/L, Ca(NO3)2.4H2O 2 mg/L and
micronutrients). The micronutrient supplement con-
tained Na2EDTA.2H2O 0.2 mg/L, Mn2Cl2.2H2O
0.15 mg/L, FeCl3.6H2O 0.1 mg/L, Na2CO3 0.2 mg/L,
(NH4)6Mo7O24.4H2O 0.1 mg/L, H3BO3 0.1 mg/L,
CuSO4.5H2O 0.1 mg/L, ZnSO4.7H2O 0.1 mg/L, aneurine
0.5 mg/L, lactoﬂavin 0.5 mg/L and nicotinic acid amide
0.5 mg/L.
Biomass, pH and conductivity measurements
Measurement of Spirogyra hyalina and Spirogyra peipin-
gensis biomass was performed every ﬁve days during
the 20-day incubation period. Measurement of bio-
mass was done by ﬁltering the water culture using a
plankton net. Afterward, algae were transferred to new
ﬁlter paper and allowed to stand for ﬁve minutes to
absorb excess water. Algae then weighed to assess
algae biomass (fresh biomass). pH and conductivity
measurements were performed every ﬁve days during
the 20 days of incubation. pH measurements were
done using a pH meter (Janco) and conductivity meas-
urements were done using a conductivity meter
(EzodoCond521).
Research design
The experiments were set up using completely ran-
domized design (CRD) with variations in the nutritional
composition and incubation time. This study was con-
ducted with three replicated. The parameters mea-
sured were cell biomass, pH of the culture and
conductivity.
Data analysis
Data were analyzed statistically using analysis of vari-
ance (ANOVA) at the 95% conﬁdence level (a D 0.05)
to determine the effect of the growth medium, water
level and incubation period on Spirogyra hyalina and
Spirogyra peipingensis biomass. Further analysis after
interpretation of the interaction effects based on the
ANOVA results was conducted with the Tukey test at
the 95% conﬁdence level (a D 0.05) to assess differen-
ces between groups.
Results and discussion
Effect of the growth medium on S. hyalina and S.
peipingensis biomass
Different growth media generated different growth
responses. The statistical analysis (ANOVA followed by
the Tukey test with a conﬁdence level of 95%) indi-
cated that the biomass of the algae Spirogyra hyalina
and Spirogyra peipingensis was signiﬁcantly different
using Sulfahri-01 medium compared to Sulfahri-02 and
Sulfahri-03. The results show that the algae Spirogyra
hyalina and Spirogyra peipingensis grew optimally in
Sulfahri-01 medium. Sulfahri-01 has a higher level of
nitrogen than Sulfahri-02 and Sulfahri-03. Therefore,
different nutrients in the growth medium affect Spiro-
gyra biomass. The growth of Spirogyra algae was inﬂu-
enced by the nutrients contained in the growth
medium [28]. Sulfahri-03, with a high phosphate level,
showed less growth compared to Sulfahri-01 and Sul-
fahri-02, indicating that phosphate is required in the
proper amount for Spirogyra. High levels of nitrogen
and phosphate do not provide the best conditions for
Spirogyra growth [25].
The Spirogyra hyalina biomass showed a higher
yield compared to the biomass of Spirogyra peipingen-
sis (Figure 1). The ANOVA statistical test with a conﬁ-
dence level of 95% indicated that the amounts of
Spirogyra hyalina and Spirogyra peipingensis biomass
were signiﬁcantly different. Visual observations
showed that Spirogyra hyalina was more abundant on
the water surface compared to Spirogyra peipingensis.
Spirogyra hyalina on the surface is thought to take in
more CO2 directly from the air, and a higher level of
CO2 is associated with polysaccharide formation. The
amount of polysaccharides that form has an effect on
the biomass produced. Spirogyra that contain a higher
level of CO2 are likely to produce more biomass [29,30].
Effect of the water level on S. hyalina and S.
peipingensis biomass
The water level inﬂuenced the amount of biomass for
both Spirogyra hyalina and Spirogyra peipingensis. Spi-
rogyra biomass at all water levels was highest in Sul-
fahri-01 medium. The results of the ANOVA statistical
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test at a conﬁdence level of 95% showed the biomass
of both Spirogyra hyalina and Spirogyra peipingensis in
Sulfahri-02 and Sulfahri-03 media with a water
level of 10 cm and 30 cm were not signiﬁcantly
different, but the amount of biomass was signiﬁcantly
different at the water level of 20 cm in all types of
medium.
The amount of biomass for both Spirogyra hyalina
and Spirogyra peipingensis was highest with a water
level of 20 cm. This is because both of these algae are
commonly found in the water of rice ﬁelds in East Java,
Indonesia, where the water depth is about 20 cm
(Figure 5). Therefore, Spirogyra hyalina and Spirogyra
peipingensis biomass was maximum at 20 cm of water.
A water level of 30 cm is too deep, such that Spirogyra
hyalina and Spirogyra peipingensis could not ﬂoat on
the water surface due to the large distance from the
bottom to the surface of the water. Spirogyra algae
biomass can ﬂoat on the water surface through the for-
mation of oxygen bubbles [22]. However, when the
water is too deep, these oxygen bubbles are not able
to lift the Spirogyra algae biomass to the surface of the
water to perform photosynthesis. If the water level is
too low, this also have implications on Spirogyra algal
biomass formation. Therefore, the water level is a cru-
cial factor in Spirogyra algal culture.
Figure 1. Algae Spirogyra biomass. (a) Spirogyra peipingensis biomass on 10 cm of water; (b) Spirogyra peipingensis biomass on
20 cm of water; (c) Spirogyra peipingensis biomass on 30 cm of water; (d) Spirogyra hyalina biomass on 10 cm of water; (e) Spirogyra
hyalina biomass on 20 cm of water; (f) Spirogyra hyalina biomass on 30 cm of water.
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Effect of the incubation period on S. hyalina and
S. peipingensis biomass
Spirogyra hyalina showed the highest yield on day 10,
while for Spirogyra peipingensis, the highest yield was
produced on day 15. This suggests that the growth of
Spirogyra hyalina is faster compared to the growth of
Spirogyra peipingensis. Faster growth was also due to
the better ﬂoating capability of Spirogyra hyalina than
Spirogyra peipingensis. Spirogyra hyalina is composed
of smaller cells, i.e. 51–62 mm wide and 93–121 mm
long, compared to the larger cells of Spirogyra peipin-
gensis, i.e. 104–157 mm wide and 156–200 mm long [5].
The cells of Spirogyra hyalina are two-fold smaller com-
pared to those of Spirogyra peipingensis. This make it
easier for the cells of Spirogyra hyalina to ﬂoat on the
water surface and ﬁx more CO2 directly from the air. A
better ﬂoating capability also facilitates the absorption
of light by Spirogyra hyalina, because ﬂoating brings it
closer to the light source. The intensity of light is an
important factor in the growth of Spirogyra algae
[21,23].
The incubation period inﬂuences the amount of bio-
mass of both algae, Spirogyra hyalina and Spirogyra pei-
pingensis. Spirogyra biomass increased throughout the
incubation time. Biomass in the initial incubation stage
(0 days) was 3 g, which had increased by 5, 10 and
15 days. However, the amount of biomass tended to
decrease by the incubation time of 20 days. Spirogyra
biomass may undergo death after 20 days of incuba-
tion, which was indicated by the algae turning a black-
ish color (Figure 3b). Spirogyra that had been cultured
for 20 days were observed using a ﬂuorescent
Figure 3. Algae Spirogyra peipingensis. (a) Algae Spirogyra peipingensis after 15 days of incubation (maximum growth); (b) Algae
Spirogyra peipingensis after 20 days of incubation (death phase); (c) Algae Spirogyra peipingensis under the microscope after
20 days of incubation; (d) Algae Spirogyra peipingensis under ﬂuorescent microscope with UV light after 20 days of incubation.
Figure 2. Algae Spirogyra. (a) Algae Spirogyra hyalina and Spirogyra peipingensis were found in the waters of the rice ﬁelds in East
Java, Indonesia; (b) Formation of oxygen bubbles of algae Spirogyra.
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microscope with UV light, showing that there are were
cells of Spirogyra which could not reﬂect UV light, indi-
cating that these cells were already in the death phase
(Figure 2d). This is supported by the data on conductiv-
ity (3 mS/cm at this time point), indicating that
nutrients were not available in the culture medium
(Figures 5d–f).
pH and conductivity culture
pH and conductivity were monitored throughout the
incubation period with a measurement interval of ﬁve
days over a period of 20 days. This is done to monitor
pH changes and conductivity changes during the
incubation period. pH changes generally increased,
but this was not signiﬁcant (Figures 4a–c). Conductivity
decreased during the incubation period. Conductivity
approached 0 mS/cm after an incubation period of 15–
20 days (Figures 5d–f).
The pH generally increased during the culture
period of 20 days. The initial pH (day 0) of the culture
was set at pH 7 with the addition of Na-phosphate
buffer. The pH of both Spirogyra hyalina and Spirogyra
peipingensis cultures generally ﬂuctuated during the
incubation period. However, the increase in pH in both
algal cultures was not signiﬁcant, and reached a maxi-
mum pH of 7.6. This change in pH indicates the pres-
ence of Spirogyra cell activity. The pH of the medium
Figure 4. pH culture of Algae Spirogyra. (a) pH culture of S. peipingensis on 10 cm of water; (b) pH culture of S. peipingensis on
20 cm of water; (c) pH culture of S. peipingensis on 30 cm of water; (d) pH culture of S. hyalina on 10 cm of water; (e) pH culture of
S. hyalina on 20 cm of water; (f) pH culture of S. hyalina on 30 cm of water.
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determines solubility and availability of mineral ions
and thus affects the absorption of nutrients by the cells
[31]. pH changes are caused by algal productivity, res-
piration, alkalinity, the ion composition of the culture
medium and metabolic activity.
The conductivity of the cultures of both algae gen-
erally decreased during the incubation period. The ini-
tial conductivity ranged between 27–31 mS/cm, while
the ﬁnal conductivity values ranged from 4–7 mS/cm
(Figure 5). Decreased conductivity indicates decreased
ion levels in the culture medium. The decrease in ions
in the culture medium indicates that the nutrients con-
tained in the medium had also decreased. Decreased
nutrients in the culture medium suggests that the Spi-
rogyra algae had used the nutrients in the medium for
growth. Conductivity is also signiﬁcantly related to the
number of pyrenoids in Spirogyra cells [32]. Figure 6
shows that the pyrenoids in Spirogyra algae in free
granular form are responsible for starch formation as a
result of utilizing nutrients in the growth medium
[3,32].
The conductivity of the Spirogyra peipingensis cul-
ture steadily decreased from the beginning of the incu-
bation period up to day 20. However, the conductivity
of the Spirogyra hyalina culture decreased only until
day 15, then increased up to day 20. This increase in
Figure 5. Conductivity culture of Algae Spirogyra. (a) Conductivity culture of S. peipingensis on 10 cm of water; (b) Conductivity cul-
ture of S. peipingensis on 20 cm of water; (c) Conductivity culture of S. peipingensis on 30 cm of water; (d) Conductivity culture of.
hyalina on 10 cm of water; (e) Conductivity culture of S. hyalina on 20 cm of water; (f) Conductivity culture of S. hyalina on 30 cm
of water.
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conductivity was caused by Spirogyra hyalina cells
undergoing death between days 15 and 20. Death
causes Spirogyra hyalina cells to undergo lysis, which
affects the conductivity of the culture.
Conclusion
Spirogyra hyalina grew better and faster than Spirogyra
peipingensis. The highest amount of Spirogyra hyalina
biomass was produced at day 10 (6.2 g), while the
highest amount of Spirogyra peipingensis biomass was
produced at day 15 (4.7 g). Both Spirogyra hyalina and
Spirogyra peipingensis grew best at a water level of
20 cm. Both Spirogyra hyalina and Spirogyra peipingen-
sis grew best in Sulfahri-01 medium containing a high
level of nitrogen. This indicates that nitrogen might
play an important role in the growth of Spirogyra.
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